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1.0 INTRODUCTION 


This progress report covers the period 1 March to 
28 September, under contract no, DAAK10O~-79-C-0040, This program is for 
the Design and Development of the XM746 Practice Fuze Spotting Charge. 


Leh Background 


In March the requirements for a settable ogive were dropped, 
which allowed the use of the standard PDM 739 Fuze, modified to the 
XM747 Fuze, Also, the visible range for the spotting charge was increased 
2000m ~ from 2000m to 4000m, 


Tests of 3 candidate spotting charges were conducted at 
Yuma Proving Grounds (YPG) in April and at Ft, Sill in June to select the 
most suitable charge for the XM747 Fuze; however, due to dust clouds created 
on impact at YPG, the signature tended to be obscured. At Ft. Sill, 2.6 
inches of rain fell on the impact area the day before, resulting in an 
extremely soft and muddy impact area, The smoke signal from the fuze impact 
was smothered by the impact medium and the signal was either minimal or not 
visible, Due to the above, a full determination could not be made but the 


results indicated additional development was necessary. 


1,2 Design Modifications 


As a result of the YPG and Ft. Sill tests, two design 
modifications to improve the spotting charge display were decided to be 


worth development and evaluation: 


e Drilling of four 1/2 inch holes toward the rear of the 
projectile to allow smoke exit ports to be exposed to the atmosphere for 
a longer period of time (about 2-milliseconds) before being buried in the 
impact medium, 


e@ Modify the granulation and ignition systems of the 


candidate pyrotechnic compositions to reduce functioning times. 


1,3 Static Testing at MBA 


Static testing of a matrix of the modifted designs was 


conducted over an 8 day period starting on 9 September. 
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1.3.1 Object of Test 


/ 


a The primary object of the test was to determine function 
time, smoke cloud size and duration of Ordnance Research Inc. (ORI) type 
B & type C charges, ARRADCOM MOD E and MOD El charges and the MBA improved 


eS . Si cieotieinenpinisntngte sig) ety: ay 
>; Liane outdid MOD E charge.—See~?able1 for compositions,¥ Based on the 
we test results, the best performing ORI and ARRADCOM configuration was to be 


carried forward for ballistic range testing at Ft, Lewis. In the case of 
the MBA design, it would be carried forward only if the function time was 
fast enough to indicate a reasonable probability of success.—As discussed 


below, the function time was adequate to justify continued development. ., 
v4 
7 a , 


oa Hardware 
The hardware used in the testing was the M107 (155mm) 
Projectile and XM747 Fuze, The GFE fuzes were received with six 437 dia. 
holes, The holes were taped 4-20 and screws were used as necessary, see 
Figure 1, to meet the test plan for 0, 3 & 6 holes in the fuze, The 
projectile had four ,500 holes drilled radial into the body 7.500 in. from 


the base, see Figure 2, 


MBA blended the ARRADCOM composition MOD E and El and loaded 
the composition into GFE plastic containers, see Figure 3, to ARRADCOM 
specifications, See Table 2 and attachments A & B for blending and loading 


records, 


— Two Ticl, container designs were considered and identified 
as configuration A & B. The A configuration was rejected due to the fact 
it projected beyond the rear of the fuze, see Figure 4, which would cause 
packaging problems in the event of a future production program. The B 
configuration is contained within the fuze body, see Figure 5. To accomplish 
this, it was necessary to reduce the TiCl, charge from 22cc to 18cc and 
reduce the expulsion charge from 47 to 27 grams relative to the A configuration. 
The charge container length was also reduced by 3/4 in. 


ORI supplied their spotting charge ORI "B" and "'C" in 
sealed containers for the test. 


: TABLE 1 


DESCRIPTION OF 
PYROTECHNIC SMOKE COMPOSITIONS | 


MOD E: 

Ingredient & by Wt Spec 

Zinc Dust 40 -1 JAN-Z=-365 

Potassium Perchlorate 20 + 0,5 MIL-P-217A, GrA, C14 
Potassium Nitrate 20 + 0,5 MIL-P-15613 C1 2 
Aluminum (Atomized) 20 + 0,5 MIL-P=14067A Type II 


MOD El as above except for MDF DET Core, see Figure 3. 


ORI_B - Proprietary Red Phosphorous Composition 


ORI _C - Proprietary Red Phosphorous Composition 
MBA* 
Titanium Tetrachloride 


SPECIFICATIONS (Weston, Michigan Plant) 


Titanium, wt. % 25,0 minimum 
Chlorine, wt, % 74.0 minimum 
Color - 50 maximum 


Metal Analysis, ppm 


Tin (Sn) 10 max, Chromium (Cr) 5 max, 

, * Aluminum (Al) 10 max, Antimony (Sb) 5 max, 
Iron (Fe) 15 max, Arsenic (As) 10 max. 
Vanadium (V) 10 max, Lead (Pb) 1 max. 
Silicon (St) 10 max, Nickel (Ni) 5 max, 
Copper (Cu) 5 max, 


MOD E - 47 gms. Composition per above 


* 


ARRADCOM MOD E charge used as TiC1, expulsion charge 
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Accession For 
. TABLE 1 (Continued) 


| TITANIUM TETRACHLORIDE - Ticl,” 
| Distributions 
PHYSICAL PROPERTIES Bae 
Avaid and/or 
Chemical Formula Ticl, |Dast special 
Molecular Weight 189.7 
Color, Form clear liquid | 
Melting Point -30°C tS ee ee 
Boiling Point 136.4°C 
Specific Gravity (20°C) 1.726 
Density (1bs./gal.) 14.4 
Stability decomposes in the presence of 
moist air 
SPECIFICATIONS (Weston, Michigan Plant) 
Titanium, wt.Z 25.0 minimum 
q Chlorine, wt.% 74.0 minimum 
Color 50 maximum 
Metal Analysis, ppm 
Tin (Sn) 10 max. Chromium (Cr) 5 max. 
Aluminum (A1) 10 max. Antimony (Sb) 5 max. 
Iron (Fe) 15 max. Arsenic (As) 10 max. 
Vanadium (V) 10 max. Lead (Pb) 1 max. 
Silicon (Si) 10 max, Nickel (Ni) 5 max. 


Copper (Cu) 5 max. ' 


SAFETY AND HANDLING 


Titanium tetrachloride must be maintained under inert atmosphere. 
Nitrogen containing less than 10 ppm oxygen is recommended, Expo- 
sure to moisture in the air generates hydrochloric acid and titanium 
dioxide. Refer to the titanium tetrachloride "Product Safety Infor- 
mation” sheet for safety information, and to the Stauffer brochure 
"A Guide to Cylinder Unloading." 


*copied from Stauffer Chemical 4 
1 - Co's Product Data Sheet 
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MOD E1 CONTAINER 


ARRADCOM CONFIGURATION 


FIGURE 3 
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TABLE 2 


NOTES: 
1. Spec MIL-A-2550 Applies. 
2. Load with approximately 48 grams ARRADCOM smoke composition, MOD E, 
as follows: 
INGREDIENT % BY WT. PARTICLE SIZE SPEC 
(MICRONS ) 
Zinc Dust 40+ 1 Le 3 JAN-Z-365 
Potassium Perchlorate 20 + 0.5 Per spec MIL-P-217A, GRA, CL 4 
Potassium Nitrate 20 = 0.5 30 + 15 MIL-P-156B, CL 2 
Aluminum (Atomized) 20+ 0.5 Per spec MIL-P-14067A, Type IL 
3. Advisorv: Blend Smoke Composition Ingredients Use Globe or Ball Mill 
Equipment. 
4. Compact Charge, Spotting by Vibrating or Tamping in Cup, Spotting Charge, 
9331828. 
5. Secure Cover to Cup with 2 part Epoxy. 
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1.2" LONG MOD “E“ ~ 27 GRAMS 


TiCL,/MOD “E", CONFIGURATION “B” 


FIGURE 5 
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1.3.3 Testing 

A total of 54 tests of the various spotting charges and 
smoke port configurations were conducted, see Table 3 for Test Plan. 
The fuzes were assembled to the M107 projectile, placed in a test fixture 


and fired with an electric squib, see Figure 6. 


ARRADCOM and Ft, Sill representatives witnessed the test 


series and evaluated the spotting charges and hardware configurations. 


1.3.4 Instrumentation and Equipment 
a. Molectron Model PR-100 electric radioment, amplifier 
and a CIC Model 5-124 recording oscillograph for 


energy output of the spotting charge. 


b. Hy Cam Hi Speed 16mm camera to record function 


times, 


c, Scoopic 16mm camera for film coverage of the 


testing. 


d. Velocity screens to a digital counter for instant- 
aneous function time read out, see Figure 7 for 


typical hook-up. 


e, Agastat step timer to control function times 


between cameras and fuze detonation. See Figure 8. 


f, Walk~in oven for temperature conditioning of fuzes 


to -30°F and +130°F for 12 hours, see Figure 9. 


1.3.5 Test Summary 
The first 11 tests were devoted primarily to selecting the 


best ARRADCOM and ORI spotting charge configuration, 


The fuzes were assembled as shown in Figure 1 except the 
6 holes were not plugged. Based on previous designs, 2-.050 steel 
spacers were placed between the booster cup and the spotting charge to 
prevent rupturing the booster cup base. This was done to insure expelling 


the total charge out of the fuze ports. 
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Based on visual observations, review of the 16mm film 
and examination of function time data, see Table 4, ARRADCOM's MOD E 
was selected over the MOD El, It was apparent the mild detonating fuze 
(MDF) did not improve. function time. ORI "C" was selected primarily on 


the basis of more smoke than ORI "B" composition. 


A series of tests were conducted to verify the distribution 
of the spotting charge output between the fuze and projectile ports (see 
Tables 3 and 4). It was also necessary during this test series to determine 
the need, if any, for a .050 steel spacer to slightly delay the rupturing 
of the booster cup and distribute the spotting charge between the fuze 
and projectile ports, During tests 12, 13, 15 & 17, see Table 4, the 
booster cup did not rupture as planned. Based on these results, it was 


concluded that the .050 spacer be removed for all future tests. 


Tests no. 18 thru 24 with the 6 fuze ports blocked off, 
5 of the cups ruptured, see Figure 9, and 2 of the fuze bodies (tests 22 
and 24) had tensile failure in the area of smoke port, see Figure 10. The 
failure was attributed to the modification of the fuze (the addition of 
6 smoke ports) which removed about 70% of the material in the area of the 


failure, 


As a result of the above test failures it was decided that the 
balance of testing be conducted with unmodified PDM739 fuzes (without 
six .437 dia, holes), 


The balance of the testing went relatively problem free with 


only minor instrument problems. 


In comparing ORI "C" and MOD "E" cloud size and duration, 
no major difference could be seen; however, the flash seemed to be more 
intense coming from the ORI "C" charge. The MBA TiC1, /MOD "E" cloud, when 
compared to OR "C" and MOD "E"’, was much more intense and its duration 
considerably longer, in the order of 15-20 sec. compared to about 5-10 sec. 
The film clips in Figure 11, A, B & C, show the typical spotting charge 
of the MOD "E", ORI "C" and MBA TAiC1, exiting from the rear of the projectile 
shortly after fuze function (MOD "E" at 10.0 MS, ORI "C" 14,0 MS and MBA 
TiCl, 11,0 MS). 
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FIGURE 10 
TYPICAL BOOSTER CUP RUPTURE 


FIGURE 11 
FUZE BODY FAILURE 
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Figure 12 presents ARRADCOM's estimate of the worst case, 


most rapid burial condition for the 155mm projectile in question. This 
condition exists in deeply saturated light sand soils. The ARRADCOM model 


predicts coverage of the smoke ports located 19 inches back on the projectile, 
1.8 milliseconds after impact. 


MBA has performed a similar, though less detailed, analysis 


using data from Lawrence Livermore Labs. which predicts a Worst case 
i burial time on the order of 2.2 milliseconds, One sigma error band 


on the MBA model is on the order of 0,5 milliseconds. 


1.7 ms € Burial Time “~*~ 2.7 ms 


There is probably a similar, though unknown to MBA, error 


band on the ARRADCOM model and in any event, the predictions from both 

models agree reasonably well. They both indicate that for worst case impact 
conditions, a design that produces significant quantities of smoke in 
approximately 1.7 to 1.8 milliseconds should be very effective when functioned 


on soft impact medias, 


Unfortunately, this is not the case. The fastest mix, 


ARRADCOM MOD E, per Table 4, begins visible generation in approximately 
2.0 ms and the MBA TiCl, configuration using the ARRADCOM MOD E mix as an 


4 
expulsion charge plus flash and smoke enhancer has an equivalent time of 


approximately 2.5 ms. The ORC "C" configuration is very slow relative to 
the other two candidates with a smoke on-set time in the 6,0 millisecond 


range, 


If the mathematical models are approximately correct, the 


ORC configuration will prove to be unacceptably slow, Hope can be held 
out for the other two configurations because their function times are within 
the error band, The ARRADCOM version has a function time very close to the 


ARRADCOM model mean time and faster than the equivalent MBA model time. 


Explusion port geometry can further improve the probability 
of achieving a visible cloud on soft media impact. The ports can be canted 
back at 45 degrees. With the choked flow gases exiting at Mach 1 from the 
canted ports, the gases will have a net forward velocity component approx- 
imately 1/3 that of the shell at the critical period when they flow into 


the circular cavity between the shell and ejected from impact, 
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The temperature testing (-30°F and +130°F) showed no real 


change in function time or cloud size compared to ambient temperature testing. 


The Ticl, B configuration containers were used in Tests 52, 


53 and 54 with no noticeable change in cloud size and function time. 


Only a small number of tests were covered with the radiometer 


due to instrumentation problems. 


The radiometer data sheet summary shows the peak intensity in 


each wavelength region, see Table 5. From the ratio of these intensities, 


an estimate of the maximum temperature (related to grey body temperature 


and atmospheric conditions) can be made, 


The duration of time that the fuze was observed to burn, and 
the delay between initiating the fire control signal and the rise of fuze 


intensity was also recorded. 


The measurement probes of the radiometers are spectrally 
filtered to separately measure intensity in the 1,7 - 2.8 micrometer range 
and the 3-5 micrometer range. Calibration was referenced to a Barnes Model 
11-200T, 1060°C black body source for each set of measurements. See Figure 
13, 


Because of the low total power produced, the radiometers 
were moved as close as practical to the test fuze, The 7-1/2 degree field 


of view permitted measurements at 40 feet. 


In its simplest form the radiometer equation is (1) 


i= cvr? 


where 
I = source intensity in w sri 
C = radiometer calibration in 
wet vl ee? 
V = radiometer output voltage 


R = source to radiometer distance in feet 


The r/R? dependence of voltage on intensity is a result of the fact 
that the radiometer has no imaging optics and thus simply measures 


irradiance (watts per square meter at the detector), 
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TABLE 5 


SMOKE TEST RESULTS FROM RADIOMETER 
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The radiometer response is a function of the wavelength 
of the incident radiation, This is because the atmosphere between the 
source and the radiometer; as well as the window, filter and detector, 


have wavelength dependent responses. 


The equation which describes the radiometer voltage 
output for an irradiance of the radiometer by a monochromatic source 


of wavelength A is 


Vv (0d) = Be eV Ce Ps TS AC BOOS & Te A) { 


where 


‘ : =2' : 
E = the irradiance in wm” in the plane of the 
detector in the absence of the radiometer 


or an atmosphere, 


sV, (x) = the spectral detector response in — oe: 


for a given level of irradiance at wavelength 
A, The term Va (A) is a relative response 

of the system while s is a parameter that 
reflects the radiometer sensitivity. It may 
change with time or environment and thus makes 


periodic calibration necessary. 


T, (X), T, (\), and Ty (\) = respectively the spectral 
transmittance of the atmosphere between the 
source and the radiometer, the radiometer 


window, and the radiometer filter. 


Analysis for Ballistic Testing 


The stress analysis on the critical components, i.e., the 
booster cup base and the cup/body interface, shows adequate margins of 
safety for safe operation (see Appendix A). In lieu of actual data on 
internal pressure required to separate or fail the cup base during detonation, 


an expected bursting pressure was calculated. 
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Factory of safety used in the margin of safety calculations 
were 1.15 applied to the yield allowable and 1.5 applied to the ultimate 
allowable, These values are standard aerospace practice. Because of the 
extremely high acceleration forces or set-back loads, the actual margins 
of safety during normal handling operations are far in excess of hazardous 


material requirements, 


The methods, referenced in the analysis, are standard 
practice and should not cause concern over their validity. As demonstrated 
in the analysis, the minimum margin of safety occurred at the cup base 
material thickness transition from 0.040 inches to 0.104 inches. This 
margin is 0.80 on yield which represents a stress level 80 percent below 
the material allowable when reduced by the yield factor of safety. 

The most critical area is therefore approximately twice as strong as 


required to support the worse case loading, 


The analysis also predicts a bursting pressure of 10,500 psi 


which appears to be compatible with good performance during the detonation 


event. Although actual pressures are not known, they are anticipated to 
be in the order of 20,000 psi if totally contained. This two to one 


pressure ratio is comfortable for good reliable failure expectation. 
1.4 Plans for Next Period 


Fabricate, assemble and deliver hardware to Ft. Lewis for 
test on or about November 6th, 42 each MOD E charges; 26 each ORIC charges; 
8 each 747 Fuzes with MOD E and ORIC charges; 26 each 747 Fuzes without 
charges; 34 each 747 Fuzes with MBA charges; and 16 each 747 Fuzes with 
6 each .437 dia. holes, 


1.5 Expenditures 


Expenditures for January through September, $77,500. 
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